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Summary

Twenty-one mild asthmatic patients allergic to cat dander underwent a bronchial
provocation test (BPT) with a cat extract. An early allergic response (EAR) was
observed in all 21 patients and a late allergic response (LAR) in 8/21 patients. In the
EAR, the patients with subsequent LAR had a greater fall in FEV,. Their baseline
FEV,, and total dose of inhaled allergen were not significantly different from patients
who did not develop a LAR, but their serum specific IgE level was higher. Crossed
immunoelectrophoresis (CIE) of the same cat extract showed that it contained eight
different proteins. An IgE-CRIE was obtained from all 21 patients, using radiolabelled
anti-IgE and autoradiography. Radiolabelled standards allowed a semiquantitative
scoring of the radiostaining. The CRIE pattern of the eight patients with LAR showed a
higher score of radiostaining and a greater number of proteins bound to IgE. The two
major allergen cat albumin and Fel d 1 bound equally to IgE of patients with and without
LAR whereas another protein (antigen No. 7) bound to IgE of 100% of patients with
LAR but of only 38% of patients without LAR. These data suggest that the pattern of
the IgE response to specific proteins of a cat extract may be related to the occurrence of
LAR after BPT with this allergen.
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Introduction

Bronchial provocation tests (BPT) are extensively used to
study the mechanisms involved in asthma. Improved
standardization of these tests has produced better reliabi-
lity and safety, and has allowed the comparison of results
obtained by different groups [1,2].

In BPT with allergen, two kinds of response have been
observed. The early allergic response (EAR) occurs
minutes after inhalation of the allergen and is defined as a
drop in FEV, of at least 20%. EAR usually resolves
spontaneously within 1-3 h. About half of the subjects
have a second drop in FEV,. This late allergic reaction
(LAR) occurs after about 4-6 h, has a longer duration
than EAR, and can last from hours to days, LAR is
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poorly reversed by fi-2-agonist drugs and is considered to
be a better model of of clinical asthma than EAR [3]. It is
not known why some subjects react with an EAR only,
while others have an EAR followed by a LAR.

Late allergic reactions have been described more than a
century ago by Blackley [4] but their clinical importance
was first emphasized by Herzheimer in 1952 [5]. Pepys and
Booij-Noord et al. were among the first investigators to
study the pathogenesis of the response to inhaled aller-
gens [6,7]. One hypothesis was that LAR was due to an
Arthus reaction but Dolovich et al. have demonstrated in
the skin that LAR to allergen is an IgE-dependent
mechanism [8]. Almost all inhaled allergens have been
shown to be able to induce LAR. However, patients
allergic to many allergens may develop LAR after
exposure to some of these allergens and not to others [9].
The exact prevalence of LAR is difficult to establish. One
reason is that the patients selected for BPTs may not
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reflect the whole asthmatic population since severe asth-
matics are excluded from BPT studies for evident ethical
reasons. Furthermore, non-specific and poorly under-
stood co-factors, such as viral infections may play roles in
the onset of allergic diseases [10]. Many aspects of the
pathogenesis of LAR remain obscure even though exten-
sive research has implicated many mediators and cells in
this reaction [11,12].

Crossed immunoelectrophoresis (CIE) detects the dif-
ferent components of an allergen extract and is commonly
used to isolate the proteins of such extracts [13]. CIE has
been used extensively to compare the protein contents of
different allergen extracts. Crossed radioimmunoelectro-
phoresis (CRIE) can be used to determine which of these
extract components bind IgE of sensitized patients, and
so determine the allergenic content of allergen extracts
[14]. Analysis of cat dander extracts reveal at least eight
proteins that bind IgE [15-17]. Fel d 1 and cat albumin are
the main components of the allergenic activity of cat
dander extracts [18-20].

The aim of this study was to determine whether subjects
who react with a dual response to allergen BPT (EAR and
LAR) have different IgE-responses to the individual
allergenic proteins of a cat dander extract as measured by
the CRIE method.

Materials and methods

Patients

Twenty-one asthmatic patients, 12 males, 9 females, age
18-43, mean age =29, underwent a BPT with a cat extract
(Pharmalgen® cat, Pharmacia, Uppsala. Sweden). These
patients had mild asthma since they had never been
hospitalized for severe asthma, and they did not need
regular anti-asthmatic treatment. Allergy to cat was
documented by a positive history and both, a positive
skin-prick test (Pharmalgen® extract, 100000 BU, Phar-
macia, Uppsala, Sweden) and a positive RAST (class 2-4,
Phadezim®, Pharmacia). All patients had experienced
wheezing in the presence of cats but only one still had a cat
at home. Ten patients also had a positive history and
positive skin tests to house dust mites. Seven patients were
also sensitized to pollens and three to dog dander. The
patients had not suffered from any respiratory tract
infections during the last 2 months, had not taken steroids
for 3 weeks, no cromolyn and HI antihistamines for 2
weeks, no non-steroidal anti-inflammatory drugs for 3
days, no theophylline for 2 days and no ff-2-agonist drugs
for 12 hr. All the patients were volunteers and the design
of the study had been previously agreed by the ethical
committee of our hospital.

Bronchial provocation test

The BPTs were performed in winter since some patients
had positive skin-prick tests to pollens. The BPTs were
started at 08.00 h and performed only if the baseline FEV,
was greater than 70% of the predicted value. The
reference FEV, was the best of three obtained on a
Godart® spirometer (Statham, The Netherlands) after
inhalation at tidal volume for 4 min of 1 ml of diluent
(human albumin 0-3 mg, phenol 4 mg, NaCl 9 mg)
delivered by a Novair® nebulizer (Carbamed, Switzer-
land).

The patients then inhaled the allergen extract in the
same fashion. They inhaled increasing concentrations
(100, 320, 1000, 3200, 10000, 32000, 100000 BU) at 15
min intervals. Ten minutes after each allergen inhalation,
the FEV, was measured. The inhalation dose progression
was stopped at the allergen concentration which induced
a FEV| drop =20% of the baseline value. FEV, was
measured every 15 min until the EAR had resolved. FEV,
was then measured every hour until a total of 12 h had
elapsed after allergen challenge. LAR was diagnosed
when a second drop in FEV, = 15% of the baseline value
was obtained.

CIlE and CRIE

A serum sample of each patient was obtained the day of
the BPT for the determination of specific IgE for cat by
the RAST technique (Phadezym RAST®, Pharmacia)
and for CRIE analysis.

Before CRIE, a CIE was performed. The first dimen-
sion of the CIE was obtained by migration of 30 ug of
the cat extract (Pharmalgen®, Pharmacia) on agar gel
(Agarose Litex HSA with Tris-Barbital Buffer, pH 8-6) at
10 V/cm for 40 min. The second dimension was obtained
by migration of the separated proteins of the cat extract
on agar gel containing 125 ul of rabbit anti-cat IgG
(generous gift from R. Einarson, Pharmacia, Sweden) at
2 V/em for 22 h. The gel was then stained by Coomasie
Brilliant Blue for 5 min (Fig. 1). Throughout the whole
study, the same lot of cat extract was used. The extract
inhaled during the BPTs was the same that we used for the
CIE/CRIE technique in our 21 patients.

The CRIE was performed by incubation of the
unstained CIE with each patient’s serum diluted 1/15 in
phosphate buffer (pH 7-0) for 20 h. The gel was incubated
with '*I-labelled anti-IgE (Pharmacia) diluted 1/15 in
phosphate and Tween 1% buffer at 180000 c.p.m. for
20 h. The gel was dried and exposed for autoradiography
to a Kodak XL-1 film within a Kodak X-Omatic cassette
containing an intensifying screen for 10 days at —80°C.
CRIE were also performed with sera from three non-
atopics and three patients allergic to grass pollen
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Fig. 1. a) CIE of the cat extract. b) Corresponding antigens.

(RAST=17-5 PRU/ml, Pharmalgen® G x3), with a
negative RAST to cat. A semi-quantitative score of
radiostaining was performed using the Mancini technique
[21): "I-anti-IgE was diluted to nine different concentra-
tions with rabbit IgG, and the mixture allowed to diffuse
in an agar gel containing swine anti rabbit IgG. Auto-
radiography of the gels was performed as above, and the
intensity of the radiostaining scored from 0 (no band) to 9
(intense band). All incubations were made at room
temperature.

Statistical analysis

Differences between patients with LAR and patients
without LAR in radiostaining score, number of antigens
on CRIE, baseline FEV |, FEV, drop in EAR, and dose of
inhaled allergen were analysed by the Mann-Whitney
test; P<0-05 was considered significant. RAST results
(expressed in PRU/ml) were analysed with confidence
intervals for differences between means. Prevalence of
specific IgE to cat albumin, Fel d 1 and protein #7 on
CRIE was analysed with the chi-square test. Confidence
limits of the sensitivity and specificity of protein #7 for
LAR were determined with a table of confidence limits for
small numbers [22].

Cat albumin
|

Results
BPT results

All 21 patients reacted to the BPT with an EAR. The drop
in FEV, ranged from 20% to 55% (34 + 10%: mean +s.d.)
One hour after the last allergen inhalation, FEV, in all 21
patients was =>94% of the baseline value. Eight of the 21
patients had a LAR with a second drop in FEV, ranging
from 15% to 49% (32+4-3%). No significant difference
was found in the recovery pattern from the EAR between
patients who did and patients who did not develop a
LAR. The comparisons of baseline FEV,, FEV, drop in
EAR, and cumulated dose of inhaled allergen for the 13
patients with EAR only and the eight patients with
EAR + LAR are presented in Table 1. The baseline FEV,
and the cumulative dose of inhaled allergen were not
significantly different between the two groups of patients.
The subjects with EAR + LAR had a deeper drop in FEV,
than the 13 subjects with EAR only, but this difference
was not statistically significant. Patients with EAR-
+LAR had a higher mean level of specific anti-cat IgE,
than patients with EAR only (51-:3 PRU/ml and 14-5
PRU/ml respectively). The difference between medians of
the two groups was — 159 with a 95% confidence interval
ranging from —46-1 to —2-4,
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Table 1. Comparison of baseline FEV,, FEV, drop in EAR and amount of allergen inhaled
between patients with EAR only and patients with LAR (mean +sp)

Patients with EAR only Patients with EAR + LAR P*
Baseline FEV,
(% of predicted) 9% (+£8%) 92% (£9%) n.s.
FEV, drop in EAR 29:3% (+6:3%) 41-7% (+10%) n.s.
Inhaled allergen (BU) 32:5x10° (£53x10% 12-4 % 10° (+14-8 x 10%) n.s.

* Mann-Whitney; n.s., not significant.

Fig. 2. CRIE pattern of two patients with EAR and two patients
with EAR+LAR. a) Patients with EAR only; IgE binding to
Fel d 1 and cat albumin; b) patients with EAR+LAR; IgE
binding to Ag no. 7.

CRIE results

As shown in Fig. 1, the cat extract we used was similar
but not identical to that published by other investigators
[15-17].

Figure 2 shows the CRIE of two patients with EAR

only and two patients with EAR 4+ LAR. The number of
the cat extract proteins that bound to IgE varied from 1 to
5(mean: 2-8 + 1-2) in patients without LAR and from 3 to
6 (mean: 3-9 4 1) in patients with LAR (Table 2). IgE from
both groups of patients detected cat albumin and Fel d 1.
However protein no. 7 bound to IgE of all eight patients
(100%) with LAR, but only five of the 13 patients (38%)
without LAR (Table 2). Protein no. 7 sensitivity for LAR
was 100% (95% confidence limits; 63-1-100%) and
specificity was 61:5% (95% confidence limits; 31-6-
86:1%). The other five proteins present in the cat extract
bound less frequently to IgE and no differences between
the two groups could be detected. The control CRIE
performed with sera obtained from non-atopic patients or
from atopics with negative RAST to cat all showed blank
films on the autoradiograms (Fig. 3).

The total score of radiostaining was higher for patients
with LAR than for patients without LAR (Table 2). The
scores of radiostaining of the 21 patients for cat albumin,
Fel d1 and protein no. 7 are presented in Fig. 4. The eight
patients with LAR all had a score of at least 5 on each of
these three proteins.

Discussion

Since LAR may be a better model of natural clinical
asthma than EAR, it is important to detect and study
patients who may develop such reactions. Hargreave et al.
have shown that patients who have a deep drop of FEV,
in EAR are more likely to develop LAR [23]. Our study
confirms this finding since our patients with LAR had a
mean FEV, drop of 42% in EAR compared with 29% in
patients who did not develop a late reaction. However,
this difference did not reach statistical significance.
Moreover, the recovery from EAR was not different in
the two groups of patients, and FEV, was nearly back to
baseline in all subjects 1 h after the last dose of allergen.
BPT may detect patients at risk of developing severe
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Score

Table 2. Cat extract’s antigens present on CRIE

Total score
(mean +5SD)

Number of antigens

Cat albumin
Feldl

Protein no. 7

Patients with EAR only

Patients with EAR + LAR

15+ 7 (range: 4-28)
2:6+ 1-2 (range: 1-5)
Present in 12/13 patients
Present in 12/13 patients
Present in 5/13 patients

24+ 5 (range: 20-35)
3941 (range: 3-6)
Present in §/8 patients
Present in 8/8 patients

Present in 8/8 patients

n.s.*

n.a*

1.5 %%
i
<(-005**

*, Mann-Whitney; **, Chi-square: n.s., not significant.

Oom

mm(wiwlw] [ [ ]
[ ] mlnlwn] | ]|
mlml | ] O

mimlmiml | ] | W=
ooo
oo
O

O (.|

Fig. 3. CRIE (right) performed with the
serum of a patient allergic to grass
pollen (RAST > 17-5 PRU/ml), but not
allergic to cat (negative RAST). No IgE
binding to the cat extract components
could be detected after 10 days of
autoradiography. The CIE of the cat
extract used for this experiment is
presented at left.

Fig. 4. Scores of the 21 patients (or
antigen no 7, cat albumin and Fel d 1.
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asthma but must be reserved for special and well defined
indications [1,2]. Although small doses of allergen can
ellicit a LAR [24], LARs are more common after high
doses of allergen [25,26]. In our study, the dose of inhaled
allergen was not predictive of the LAR. Indeed, we were
unable to correlate its occurrence with the amount of
inhaled allergen. Some authors have proposed methods
and indexes to predict who will develop LAR [27-29], and
LARs have been shown to enhance bronchial responsive-
ness [30]. High levels of specific IgE are correlated with
the occurrence of LAR [24]. Only three of our 13 patients
with EAR had a RAST class of 4 compared with 6/8
patients with EAR + LAR. When the specific IgE levels
were expressed in Phadezym RAST Units/ml (PRU), this
trend was even more obvious. This observation confirms
that a high level of sensitization plays a key role in the
occurrence of LAR. However, while the RAST detects
IgE directed against an allergen extract as a whole, CRIE
allows more precise detection of which proteins in the
allergen extract bind to specific IgE. The analysis of the
CRIE patterns of our patients suggests a correlation
between the CRIE results and the incidence of LAR to cat
after BPT. Patients with LAR had a greater IgE response
to the extract. The CRIE radiostaining score was higher,
and more components of the cat extract were bound by
IgE of patients with LAR than patients without LAR.
Twenty of 21 patients had specific IgE for Fel d I which is
the major allergen of cat extracts. We also found 20 of 21
patients with specific IgE for cat albumin, which is not in
agreement with some previous reports [31]. This high
incidence of specific IgE for cat albumin in our study may
be due to a higher concentration of cat albumin in our cat
extract. Moreover, it has been shown that specific IgE to
cat albumin may sometimes be detected on the autoradio-
grams only after several days [15]. Protein no. 7 bound the
IgE of 100% of patients with LAR but only 38% of
patients who did not develop LAR. Only patients with
LAR had high radiostaining scores with all three proteins
no. I (cat albumin), no. 2 (Fel dT) and no. 7. Non-specific
binding of IgE to proteins of the cat extract is unlikely,
since CRIE performed with sera from atopic patients with
negative RAST to cat showed no binding.

These findings indicate a correlation between the IgE-
CRIE pattern and the occurrence of late allergic reactions
to cat. Moreover, the presence of specific IgE to protein
no. 7 might be a more powerlul trigger of the allergic
reaction that the presence of IgE to other components of
the cat extract. As the concentration of allergens may vary
in cat extracts from different sources, it would be worth
repeating these experiments with other cat extracts.

Further studies are needed to explain the possible role
of protein no. 7 in the pathogenesis of LAR after BPT
with cat extracts. These include characterization of

antigen no. 7 in more detail, determination of its source
and airborne characteristics, BPT and skin testing with
purified proteins rather than whole cat extracts, and
measures of baseline airway responsiveness to metacho-
line or histamine (which were not conducted in this
study). to determine if there is a link between the degree of
bronchial hyperresponsiveness and the CRIE pattern of
allergic asthmatic patients.

Acknowledgments

We thank Ms M-P. Nisoli for excellent technical assist-
ance, Dr H. Lowenstein for his teaching of the CRIE
technique and Dr J. N. Baraniuk for critical revision of
the manuscript.

Work supported by a grant from the Swiss National
Science Foundation, Bern, Switzerland.

References

I Rosenthal RR, Chai H, Mathison DA, Spector SL, Townley
RG. Indications for inhalation challenge. J Allergy Clin
Immunol 1979; 64:603.

2 Guidelines for bronchial inhalation challenges with pharma-
cological and antigenic agents. ATS News. Spring 1980:
11-19. (Guidelines published by the American Thoracic
Society, 1740 Broadway, New York, NY 10019).

3 Durham SR. The significance of late responses in asthma.
Clin Exp All 1991; 21:3-7.

4 Blackley CH. Experimental researches on the causes and
nature of catarrhus aestivus. London: Bailliere, Tindall,
Cox. 1873.

5 Herxheimer H. The late bronchial reaction in induced
asthma. Int Arch Allergy 1952; 3:323-8.

6 Pepys J. Immunopathology of allergic lung disease. Clin
Allergy 1973; 3:1-22.

7 Booij-Noord H, De Vries K, Sluiter HJ, Orie NGM. Late
bronchial obstructive reaction to experimental inhalation of
house dust extract. Clin Allergy 1972;2:43-61.

8 Dolovich J, Hargreave FE, Chalmers R et al. Late cutaneous
allergic responses in isolated IgE-dependent reaction, J
Allergy Clin Immunol 1973;52:38-46.

9 Price IF, Hey EN, Soothill JF. Antigen provocation to the
skin, nose and lung in children with asthma; immediate and
dual hypersensitivity reaction. Exp Immunol 1982; 47:587
94,

10 Busse WW. The relationship between viral infections and
onset of allergic diseases and asthma. Clin and Exp Allergy
1989; 19:1-9.

11 Kaliner MA. Asthma and mast cell activation. J Allergy Clin
Immunol 1989; 83:510-20.

12 Lemanske RF. Late-phase pulmonary reactions. J Asthma
1990; 27(2):69-80.

13 Grubb AO. Crossed Immunoelectrophoresis. Scand ]
Immunol 1983; 17:113-24.




52

B. Mosiman et al.

20

Weeke B, Sondergaard I, Lind P, Aukrust L, Lewenstein H.
Crossed radioimmuno-electrophoresis (CRIE) for identifi-
cation of allergens and determination of the antigenic
specificities of patients IgE. Scand J Immunol 1983; 17:265-
12.

Anderson MC, Baer H. Allergenically active components of
cat allergen extracts. J Immunol 1981; 127:972-5.
Anderson MC, Baer H, Ohman JL. A comparative study of
the allergens of cat urine, saliva, and pelt. J Allergy Clin
Immunol 1985; 76:563-9.

Wallenbeck 1, Einarsson R. Identification of dander-specific
and serum-specific allergens in cat dandruff extract. Ann
Allergy 1987; 59:131-4.

Ohman JL, Lowell FC, Bloch KJ. Allergens of mammalian
origin, Properties of a major feline allergen. J Immunol 1974;
113:1668-77.

Leitermann K, Ohman JL. Cat allergen I: biochemical,
antigenic, and allergenic properties. J Allergy Clin Immunol
1984; 74:147-53.

Lawenstein H. Lind P, Weeke B. Identification and clinical
significance of allergenic molecules of cat origin. Allergy
1985; 40:430-41.

Osterballe O, Ipsen H, Weeke B, Lowenstein H. Specific IgE
response toward allergenic molecules during perennial
hyposensitization: a three-year prospective double-blind
study. J Allergy Clin Immunol 1983; 71:40-6.

Hald A. Statistical tables and formulas, New York: J Wiley,
1960:66-7.

25

26

27

3

=

3l

Hargreave FE, Dolovich J, Robertson DG, Kerigan AT.
The late asthmatic responses. Can Med Assoc J 1974;
110:415-24.

Ihre E, Axelsson IGK, Zetterstrom O. Late asthmatic
reactions and bronchial variability after challenge with low
doses of allergen. Clin Allergy 1988; 18:557-67.

Robertson DG, Kergan AT, Hargreave FE, Dolovich J.
Late asthmatic responses induced by ragweed pollen aller-
gen. J Allergy Clin Immunol 1974; 54:244-54,

Spector S, Farr R. Bronchial inhalation challenge with
antigens. J Allergy Clin Immunol 1979; 64:580-6.

Boulet LP, Roberts RS, Dolovich J, Hargreave FE. Predic-
tion of late asthmatic responses to inhaled allergen. Clin
Allergy 1984; 14:379-85.

Ito K, Kudo K, Okudaira H er al. 1gG 1 antibodies to house
dust (Dermatophagoides farinae) and late asthmatic re-
sponse. Int Arch Allergy Appl Immun 1986; §1:69-74.
Crimi E, Brusasco V, Losurdo E, Crimi P. Predictive
accuracy of late asthmatic reactions to dermatophagoides
pteronyssinus. J Allergy Clin Immunol 1986; 78:908-13.
Lemanske RF, Kaliner MA. Late-phase allergic reactions.
In: Middleton JR, Reed CE, Ellis EF, Adkinson NF,
Yunginger JW, eds. Allergy: principles and practice, St
Louis: CV Mosby, 1988:224-46.

Lowenstein H, Graff-Lonnevig V, Hedlin G er al. Immuno-
therapy with cat- and dog-dander extracts. III. Allergen-
specific immunoglobulin responses in a 1-year double-blind
placebo study. J Allergy Clin Immunol 1986; 77:497-505.




This document is a scanned copy of a printed document. No warranty is given about
the accuracy of the copy. Users should refer to the original published version of the
material.





